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Resumen
El Monte Marino Alijos se localiza en el 







(O 0RQWH0DULQR $OLMRV HVWi VLWXDGR KDFLD HO
ERUGH RULHQWDO GH XQPtQLPR GH RQGXODFLyQ
JHRLGDOGHJUDQORQJLWXGGHRQGDTXHDOFDQ]D
P FRQ UHVSHFWR DO HOLSVRLGH GHO:*6
\ TXH VH H[WLHQGH VREUH HO 2FpDQR 3DFt¿FR
QRURULHQWDO5HVWDQGRGHODRQGXODFLyQJHRLGDO
VXFRPSRQHQWHGHJUDQORQJLWXGGHRQGD\OD
RQGXODFLyQ GHELGD D OD WRSRJUDItD GHOPRQWH
PDULQR SHUVLVWH XQD DQRPDOtD GH RQGXODFLyQ
QHJDWLYD TXH LQGLFD XQ GpILFLW GH PDVD D
SURIXQGLGDG/DLQYHUVLyQOLQHDOGHpVWDDQRPDOtD
GHRQGXODFLyQVXJLHUHXQDUHJLyQFDUDFWHUL]DGD
SRU XQ FRQWUDVWH HQ GHQVLGDG QHJDWLYR
ORFDOL]DGR SRU GHEDMR GHO PRQWH PDULQR D
SURIXQGLGDGHQWUH\NP
/D HGDG \ FRPSRVLFLyQ TXtPLFD GHO PRQWH
PDULQR\HOGp¿FLWGHPDVDLQIHULGRVXJLHUHQ
TXH H[LVWHPDJPD DWUDSDGR HQWUH OD FRUWH]D






(VFROORV$OLMRV LVD ODUJHVHDPRXQW ORFDWHG LQ




UHVXOWHG IURP H[WHQVLYH GLIIHUHQWLDWLRQ RI D
PLOGO\DONDOLFEDVDOWSDUHQWPDJPD
(VFROORV$OLMRV LV ORFDWHG WRZDUGV WKHHDVWHUQ
HGJH RI D ORQJZDYHOHQJWK JHRLG XQGXODWLRQ




DQG WKH XQGXODWLRQ GXH WR WKH VHDPRXQW
WRSRJUDSK\LWVHOIDQHJDWLYHXQGXODWLRQDQRPDO\
SHUVLVWVWKDWLQGLFDWHVDPDVVGH¿FLWDWGHSWK
/LQHDU LQYHUVLRQ RI WKH XQGXODWLRQ DQRPDO\




$OLMRV DQG WKH LQIHUUHG PDVV GH¿FLW VXJJHVW
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WKH %DMD &DOLIRUQLD SHQLQVXOD )LJXUH  7KH







'DYLV et al  GHVFULEH WKHVH URFNV
DV HXURSLXPGH¿FLHQW WUDFK\WH WKDW HYROYHG
E\GLIIHUHQWLDWLRQ IURPDPLOGO\DONDOLFSDUHQW
EDVDOW DQG KDV ODVHU IXVLRQ Ar/$U DJH RI
  ND 7KHVH DXWKRUV SRLQW RXW WKDW
WKH FKHPLFDO FRPSRVLWLRQ RI WKH YROFDQLF
URFNV IURP (VFROORV $OLMRV LV VLPLODU WR WKDW





  0D DQG   0D DV ZHOO DV
VRPHYROFDQLFURFNVWKDWZHUHWRR\RXQJWREH
GDWHG
0DULQH PDJQHWLF DQRPDOLHV /RQVGDOH
 )LJXUH  VXJJHVW WKDW (VFROORV $OLMRV
VLWVRQD0DROGVHDÀRRU &KURQ&
DW DERXW  NP IURP WKH 3DFL¿F±)DUDOORQ
5LGJH )LJXUH  WKDW VWRSSHG VSUHDGLQJ LQ
PLG0LRFHQH WLPH DERXW  0D DJR ZKLOH
*XDGDOXSH DQG 0DJGDOHQD SODWHV VWRSSHG
VXEGXFWLQJ (VFROORV $OLMRV LV HORQJDWHG LQ
WKH (: GLUHFWLRQ SDUDOOHO WR D IUDFWXUH ]RQH
)LJXUH  LQIHUUHG E\ /RQVGDOH  IURP
PDULQHPDJQHWLFDQRPDOLHV)URPWKHWUDFK\WH
FRPSRVLWLRQ RI URFNV FDSSLQJ (VFROORV $OLMRV
DQG IURP PDJPDWLF DFWLYLW\ LQ UHFHQW WLPHV
ZH PD\ H[SHFW ORZGHQVLW\ PDJPD LQ D
ORFDOL]HGPDJPDWLF FKDPEHU DW GHSWKZKHUH
GLIIHUHQWLDWLRQWDNHVSODFH
([FHSW IRU ZRUN UHSRUWHG E\ 'DYLV et al
DQGVSDUVHPDULQHJUDYLW\DQGPDJQHWLF
GDWDDORQJVKLSWUDFNV(VFROORV$OLMRV6HDPRXQW
DQG LWV VXUURXQGLQJV UHPDLQ XQH[SORUHG
+RZHYHU D KRPRJHQHRXV FRYHUDJH RI JHRLG
XQGXODWLRQV DQG IUHHDLU JUDYLW\ DQRPDOLHV
IURPVDWHOOLWHDOWLPHWU\ZLWKDVSDWLDOUHVROXWLRQ
RIDUFPLQXWHDUHDYDLODEOH














]RQHV URXJKO\ RULHQWHG LQ DQ (: GLUHFWLRQ
SOXVPDQ\VHDPRXQWV
*HRLG XQGXODWLRQV DUH GXH WR GHQVLW\
DQRPDOLHV DV WKH JHRLG LV ZDUSHG XS DERYH
PDVV H[FHVVHV DQG GRZQ DERYH PDVV
GH¿FLHQFLHV /RQJZDYHOHQJWK JHRLG IHDWXUHV
DV VKRZQ LQ )LJXUH  KDYH EHHQ DWWULEXWHG





PD\ EH DVVRFLDWHG ZLWK VKRUWZDYHOHQJWK
JHRLGXQGXODWLRQVZKHUHWKHJHRLGLVZDUSHG




The residual geoid undulation
,Q RUGHU WR H[WUDFW WKH JHRLG VLJQDO GXH WR
(VFROORV$OLMRVRQHPXVWHVWLPDWHDQGUHPRYH
WKHORQJZDYHOHQJWKHOOLSWLFDOJHRLGXQGXODWLRQ




ORQJZDYHOHQJWK JHRLG XQGXODWLRQV IURP
JHRSRWHQWLDO VROXWLRQV GHYHORSHG LQ VSKHULFDO
KDUPRQLFV XS WR D ORZ GHJUHH RI H[SDQVLRQ
6DQGZHOO DQG 5HQNLQ  +DJHU DQG
5LFKDUGV  +DJHU DQG &OD\WRQ 
$QRWKHU DSSURDFK FRQVLVWV RI DSSO\LQJ D '
ORZSDVV¿OWHUWRJULGGHGJHRLGGDWD&D]HQDYH
et al
7R H[WUDFW WKH JHRLG XQGXODWLRQ GXH WR
(VFROORV $OLMRV DQ HVWLPDWH RI WKH ORQJ
ZDYHOHQJWK FRPSRQHQW RI WKH JHRLG ZDV
IRXQG E\ ¿WWLQJ LQ WKH OHDVW VTXDUHV VHQVH
D ELOLQHDU SRO\QRPLDO VXUIDFH WR WKH JHRLG
XQGXODWLRQ IURP WKH(*0 LQ WKHYLFLQLW\
RI(VFROORV$OLMRV7KHELOLQHDUVXUIDFH)LJXUH
 QHDUO\ IROORZV WKH ORQJZDYHOHQJWK JHRLG




D UHVLGXDO JHRLG XQGXODWLRQ Nr 7KH JHRLG




H[SRVLQJ VHDPRXQWV RFHDQLF LVODQGV DQG IUDFWXUH ]RQHV 7KH XQGXODWLRQ DVVRFLDWHG WR WKHVH SK\VLRJUDSKLF
IHDWXUHVLVZLWKLQDORQJZDYHOHQJWKXQGXODWLRQPLQLPXPZLWKHOOLSWLFDOVLJQDWXUHWKDWUHDFKHVDERXWP
ZLWKUHVSHFWRIWKH:*6HOOLSVRLG
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7KH UHVLGXDO XQGXODWLRQ )LJXUH F LV DQ
HOOLSWLFDOIHDWXUHZLWKDPSOLWXGHVYDU\LQJIURP
 WR  P ,Q WKH IROORZLQJ VHFWLRQ
D VROXWLRQ WR %UXQV HTXDWLRQ LV GHULYHG WR
FDOFXODWH WKH XQGXODWLRQ GXH WR D SULVP RI
FRQVWDQW GHQVLW\ 7KLV VROXWLRQ ZLOO ODWHU EH
XVHGWRGLVFHUQLIWKHUHVLGXDOXQGXODWLRQPD\
EH H[SODLQHG E\ WKH VHDPRXQW WRSRJUDSK\
DORQH

















































2 1  
ZKHUHg = 9.81 [ms-2]LVWKHQRUPDOJUDYLW\G Ⱦ
6.674 x 10-11 [m3kg-1s-2] LV1HZWRQ¶VJUDYLWDWLRQDO



































2 1  
7KH LQWHJUDO LQ  ZLWK UHVSHFW WR WKH Z 
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$V DQ H[DPSOH WKH XQGXODWLRQ FDXVHG E\
D SULVP RI FRQVWDQW GHQVLW\ FRPSXWHG XVLQJ
HTXDWLRQLVVKRZQLQ)LJXUH






WKDW LQFOXGHV WKH VHDPRXQW WKH VHGLPHQWDU\
/D\HUDQGWKHEDVDOWLF/D\HU
,QWKLVFDOFXODWLRQWKHWRSRI/D\HU)LJXUH
DZDVGH¿QHGE\ WKHEDWK\PHWU\ IURP WKH
*HQHUDO %DWK\PHWULF &KDUW RI WKH 2FHDQV
DQG LWV WKLFNQHVV IURP D JOREDO HVWLPDWH RI
VHGLPHQWDU\WKLFNQHVVE\12$$ZZZQJGF
QRDDJRYPJJVHGWKLFN! 7KH WRS RI /D\HU
 LV FRQIRUPDEOH WR OD\HU  DQG LWV ERWWRP











WKURXJKRXW WKH VHGLPHQWDU\ VHFWLRQ GRZQ
WR  P GHSWK DQG WKH EDVDOWLF OD\HU KDV
D GHQVLW\ RI NJP DQG VHLVPLF 3ZDYH
YHORFLW\RIPV$WVLWHWKHGHQVLW\
 NJP DQG VHLVPLF 3ZDYH YHORFLW\
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7KH XQGXODWLRQ GXH WR WKH VHGLPHQWV DQG
WKH EDVDOWLF OD\HU  ZDV FDOFXODWHG XVLQJ D
GHQVLW\FRQWUDVWZLWKUHVSHFWWRWKHVHDZDWHU
GHQVLW\  NJP 7KH GHQVLW\ FRQWUDVW
RI VHGLPHQWVZDV VHW WR  NJP DQG WKH
GHQVLW\FRQWUDVWRIWKHEDVDOWLFOD\HUZDVVHW
WR  NJP (VFROORV $OLMRV ZDVPRGHOHG
DVVXPLQJ WKH DYHUDJH GHQVLW\ RI WUDFK\WH
NJPZLWKDGHQVLW\FRQWUDVWRI
NJP
7KH XQGXODWLRQ FRPSXWHG IURP IRUZDUG







6WXGLHV XVLQJ WKH WHOHVHLVPLF UHFHLYHU
IXQFWLRQLQYHUVLRQWHFKQLTXHDWRFHDQLFLVODQGV
5DURWRQJD .LULEDWL 7DKLWL DQG +DZDLL ZLWK
UHFHQWRUDFWLYHVXUIDFHYROFDQLVPKDYHIRXQG
WKDW EHWZHHQ WKH ORZHU FUXVW DQG XSSHUPRVW
PDQWOHDQDQRPDORXVO\VORZVHLVPLFYHORFLW\
LV SUHVHQW ZKLFK KDV EHHQ LQWHUSUHWHG DV





Inverse modeling the undulation anomaly
,QYHUVH PRGHOLQJ RI DQ XQGXODWLRQ DQRPDO\




VRPH UHJXODUL]DWLRQ RU SK\VLFDOO\ UHDVRQDEO\
FRQVWUDLQWV LQ WKH LQYHUVH SUREOHP -DFNVRQ




ERGLHV 7KHVH SULVPV DUH DUUDQJHG LQ
 
OD\HUV
HDFK OD\HU KDV FRQVWDQW WKLFNQHVV DQG LV
FRQVWLWXWHGE\DUHJXODUDUUD\RISULVPV(DFK
SULVP KDV ¿[HG KRUL]RQWDO GLPHQVLRQV DQG
ZLWKLQ HYHU\ SULVP WKH GHQVLW\ FRQWUDVW LV
FRQVWDQW
7KH PRGHO SDUDPHWHUV LH WKH GHQVLW\
FRQWUDVWV RI WKH SULVPV LQ WKH FXERLG DUH
UHSUHVHQWHG E\ D YHFWRU m RI GLPHQVLRQ P 
WKDW FRUUHVSRQGV WR WKH QXPEHU RI SULVPV LQ
WKHFXERLG9HFWRUVd and doRIGLPHQVLRQQ WKDWGHQRWHVWKHQXPEHURIGDWDUHVSHFWLYHO\
UHSUHVHQWWKHVROXWLRQWRWKHIRUZDUGSUREOHP
DQGWKHXQGXODWLRQDQRPDO\:LWKWKLVQRWDWLRQ
WKH VROXWLRQ WR WKH IRUZDUG SUREOHPPD\ EH
H[SUHVVHGDV
 d = Am  
ZKHUHHDFKFROXPQRIPDWUL[A RIGLPHQVLRQ




Cd and CmUHVSHFWLYHO\DVROXWLRQWRHTXDWLRQ PD\ EH IRXQG PLQLPL]LQJ WKH IROORZLQJ
OLQHDUIXQFWLRQDO
 2 2 2 2φ α( )m Am d m m DmC Cd m= + +- - po    



























WKH PRGHO DORQJ WKH x y DQG z GLUHFWLRQV
([SOLFLWO\WKHIXQFWLRQDOWREHPLQLPL]HGLV



























Results of the inverse modeling
7KHSUHIHUUHGPRGHOZDVIRXQGXVLQJDFXERLG
FRQVLVWLQJRI OD\HUVRI FRQVWDQW WKLFNQHVV
WKHOD\HUIURPWRNPKDVDWKLFNQHVV
RI P DQG IURP OD\HU  WR OD\HU  WKH
WKLFNQHVV ZDV VHW WR  NP WKXV WKH FXERLG
PRGHOH[WHQGVGRZQWRNPEHORZVHDOHYHO
(DFK OD\HU FRQVLVW RI D UHJXODU JULG RI  E\
 UHFWDQJXODU SULVPV DQG HDFK SULVP KDV
KRUL]RQWDO GLPHQVLRQV RI  NPE\ NP7KH
YDOXHRIDZDVVHWWRDQGWKHSULRUPRGHO
IRU HDFK OD\HU DQG WKHLU DVVXPHG YDULDQFH





7KH REVHUYHG DQG FRPSXWHG XQGXODWLRQ
DQRPDOLHVDQGWKHLUPLV¿WDUHVKRZQLQ)LJXUH
 ,W LV ZRUWK QRWLQJ WKH VPRRWKQHVV RI WKH
FRPSXWHG XQGXODWLRQ DV FRPSDUHG ZLWK WKH
XQGXODWLRQ DQRPDO\ 7KH PD[LPXP PLV¿W
)LJXUH F LV ORFDWHG LQ WKH YLFLQLW\ RI $OLMRV
VHDPRXQWZKHUHLWYDULHVEHWZHHQDQG
FP ,Q WKH UHJLRQ VXUURXQGLQJ WKH VHDPRXQW
WKHPLV¿WLVOHVVWKDQFP)LJXUHVKRZV
D ' UHSUHVHQWDWLRQ RI WKH GHQVLW\ FRQWUDVW





$ QHJDWLYH XQGXODWLRQ DQRPDO\ ZDV IRXQG
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XQGXODWLRQ DQRPDO\ \LHOGV D ORFDOL]HG UHJLRQ
ZLWKQHJDWLYHGHQVLW\FRQWUDVWVLWXDWHGDWWKH
EDVHRIWKHRFHDQLFFUXVWZKLFKLVLQWHUSUHWHG
DV WKH SRVVLEOH VRXUFH RI WKH PDJPD WKDW
VXVWDLQV YROFDQLF DFWLYLW\ DW (VFROORV $OLMRV LQ
UHFHQW WLPHV 7KHPDVV GH¿FLW WKDW SURGXFHV
WKH QHJDWLYH XQGXODWLRQ DQRPDO\ LQ DGGLWLRQ
WR WKH \RXQJ PDJPDWLF DFWLYLW\ DW (VFROORV
$OLMRV DQG LWV FKHPLFDO FRPSRVLWLRQ VXSSRUWV
WKH SRVVLELOLW\ RI PDJPDWLF XQGHUSODWLQJ DW
(VFROORV$OLMRV
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